To determine the effects of routine probiotics on necrotizing enterocolitis (NEC) rates in a large tertiary Australian neonatal unit.
Introduction
Necrotizing enterocolitis (NEC) is the most common serious acquired disease of the gastrointestinal tract in preterm infants [1] . Although it can occur in full-term neonates, almost 90% of all cases occur in premature infants [2] . Both incidence and case fatality rates increase with decreasing birth weight and gestational age [2] . The majority of cases occur in very low birth weight infants with an incidence of approximately 6 to 7% [3] [4] [5] . In ELBW infants reported NEC rates range between 10 and 11% [4] [5] [6] .
The pathology of NEC is primarily due to changes from ischemic necrosis and inflammation [7, 8] . The pathogenesis of NEC remains incompletely understood, but it is probably a heterogeneous disease resulting from multiple factors that result in mucosal injury in a susceptible host [8] [9] [10] . Factors implicated in the pathogenesis of NEC include prematurity, enteral feeding, microbial bowel overgrowth, impaired mucosal defence, excessive inflammation, circulatory instability of the intestinal tract and medications that cause intestinal mucosal injury or enhance microbial overgrowth [2, 7, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . There is strong evidence that human milk Probiotics supplementation consisted of Lactobacillus acidophilus (NCDO 1748; National Collection of Dairy Organisms) 10 9 colony-forming units plus Bifidobacterium bifidum (NCDO 1453; National Collection of Dairy Organisms, Reading, United Kingdom) 10 9 colony-forming units (Infloran™, Laboratorio Farmaceutico, Italy). Probiotics solution was prepared by the nursing staff using a standard method, 1 capsule of Infloran 250 mg was dissolved in 2 mL of mothers' unwarmed expressed milk, donor expressed breast milk or infant formula at the bedside immediately before dose is due. The dose for preterm infants on minimal enteral feeds was one mL of prepared probiotics supplementation, this was increased to 2 mL once feeds had reached a minimum of 3 mL every 2 hours and continued once daily with feedings until 36 weeks' postmenstrual age.
Primary outcomes were incidence of NEC and death, secondary outcomes were time to establish full feeds, time to regain birth weight, duration of parenteral nutrition, duration of central lines and duration of hospitalization. Confirmed NEC was defined as stage II or more as per modified Bell's criteria [34] .
This study was approved by the hospital research ethics committee.
Statistical Analysis
Data was assessed for normality. For continuous variables, unpaired t-test or two-sample Wilcoxon Test was applied. For categorical variables, Chi-square test of independence or Fisher's exact test was used. P-values < 0.05 were considered statistically significant. Logistic regression was use to assess perinatal variables that might influence the risk of NEC. Statistical analysis was performed using the R and R commander (http://cran.r-project.org/). If sufficient numbers were identified, we planned to do a subgroup analysis for the ELBW infants.
Results
We identified 607 premature infants born at less than 32 weeks of gestation by using existing hospital databases. 9 out of 306 infants in the control group and 15 out of 301 infants were excluded due to major congenital anomalies.
Two further infants in the treatment group had to be excluded because their charts could not be located. Neither of those two infants had confirmed NEC as per our neonatal data base however one of them died soon after birth due to severe depression at birth and hypoxic ischaemic encephalopathy. One infant in the treatment group developed confirmed NEC on day 17 of life prior to the introduction of probiotics. This baby received their first dose of probiotics at 46 days of age on the first of November 2012. This infant has been excluded from the study. Data was therefore analysed for 297 infants in the control group and 283 infants in the treatment group ( Figure 1) . A subgroup analysis was performed for ELBW infants, 89 infants in the control group and 98 infants in the treatment group.
Both groups had similar patient characteristics ( Table 1 ). There were no significant differences in gestational age, birth but may be supportive of the diagnosis of NEC [31, 32] . The modified Bell staging criteria defines the different stages of NEC based upon the severity of clinical findings [33, 34] .
With an early diagnosis, NEC can be treated medically through cessation of feeds, use of parenteral nutrition and antibiotic treatment [2] . Although early recognition and aggressive treatment of this disorder has improved clinical outcomes, NEC accounts for a high mortality and substantial long-term morbidity in survivors of neonatal intensive care. Reported mortality rates range from 10 to 30% and also are inversely related to birth weight [35, 36] . 25 to 50% of survivors require surgical intervention [37] . Bowel perforation occurs in one third of the affected infants [1] . Stricture formation, primarily in the colon, occurs in approximately 15% of affected infants [36] . NEC is the most common cause for short bowel syndrome [38] .
Probiotic bacteria are live microbial supplements that colonize the gastrointestinal tract and potentially provide benefit to the host [39] . The use of probiotic therapy has been proposed to reduce bacterial overgrowth of more invasive bacteria and promote commensal intestinal bacteria, which inhibit inflammatory pathways, thereby decreasing the risk of NEC [16] . Potential mechanisms by which probiotics may protect high risk infants from developing NEC include increased barrier to migration of bacteria across the mucosa, competitive exclusion of potential pathogens, modification of host response to microbial products, augmentation of IGA mucosal responses, enhancement of enteral nutrition that inhibits the growth of pathogens, and up-regulation of immune responses [40] [41] [42] [43] [44] . The most frequently used probiotics are lactobacillus and bifidobacterium [45] .
To date, several meta-analyses concluded that supplementation of probiotics reduces the incidence of severe NEC and all cause mortality [45] [46] [47] [48] [49] [50] [51] . While these metaanalyses didn't reveal any significant side effects and in fact showed that the use of probiotics didn't increase the risk of sepsis [45, 46, [48] [49] [50] , there are case reports of Bifidobacterium bacteraemia in preterm infants on probiotic therapy [52, 53] . Debate still remains about the safety of probiotics, their long term effect, the most effective preparations, as well as timing and length of therapy [54] [55] [56] . There is insufficient data with regard to the benefits of probiotic supplementation in the most at risk infants weighing less than 1000 grams at birth [57, 58] .
Methods
Routine probiotic supplementation was introduced on the first of November 2012 for all neonates < 32 weeks of gestation. We conducted a retrospective audit of all neonates < 32 weeks of gestation born between 1 November 2011 and 31 October 2013. Patient data were obtained from medical records and the neonatal and maternal databases of the hospital. Data were divided into two periods, period 1 (before probiotics; 1 November 2011 -31 October 2012) and period 2 (after routine introduction of probiotics; 1 November 2012 -31 October 2013). Infants with major congenital anomalies were excluded. There were no statistically significant differences between the groups in time to reach full feeds, requirement and duration of parenteral nutrition, requirement and duration of central lines (umbilical venous catheter and PICC lines) or duration of hospital stay. Infants in the treatment group regained their birth weight slightly sooner than infants in the control group (median day 11 versus day 12, p 0.03) ( Table 3 ). This was also true for ELBW infants (median day 10.4 versus day 12, p 0.04).
Discussion
This study found that routine administration of probiotics reduces the incidence of NEC in preterm infants born at < 32 weeks' gestation. Our baseline rate of 4.4% NEC cases in the control group was comparable to the rates described in recent randomised controlled trials (RCTs) worldwide which ranged from 2.8 to 6.5% [59] [60] [61] [62] [63] [64] [65] . Our rate was decreased to 1.1%. The reduced NEC rates in the probiotic group in the majority of these RCTs ranged from 1.1 to 4.4% [60] [61] [62] [63] [64] [65] . One randomised controlled trial found no cases of NEC in the probiotic group, however this could be due to relatively small sample size [59] . Our reduction in the rate of NEC from 4.4% to 1.1% is similar to a recent multicentre randomised controlled trial in Australia and New Zealand that described a decrease from 4.4% to 2% [58] . These results suggest that the reduction in the rate of NEC following administration of probiotics found in several international studies was applicable to our units' population.
A recent multicentre, randomised controlled weight, gender, percentage of out born babies, Apgar scores, type of feeding at introduction of feeds, age at starting feeds or incidence of PDA requiring treatment with Ibuprofen.
Maternal characteristics were also similar in both groups ( Table 1 ). There were no significant differences in the incidences of prolonged rupture of membranes, clinical or histopathological chorioamnionitis, antepartum haemorrhage, pre-eclamptic toxaemia, spontaneous onset of preterm labour and caesarean section. While administration of antenatal steroids was similar in both groups of infants < 32 weeks of gestation, there was a significant difference in the subgroup analysis of ELBW infants (48.3% in the control group versus 69.4% in the treatment group, p-value 0.01).
The rate of confirmed NEC was significantly lower in the treatment group compared with the control group (1.1% versus 4.4%, p-value 0.02, odds ratio 0.23, confidence interval 0.04-0.87) ( Table 2 ). This was also the case in the subgroup of ELBW infants (12.4% versus 2%, p-value 0.008, odds ratio 0.15, confidence interval 0.02-0.71). This result remained significant after performing a logistic regression to adjust for the difference in antenatal steroid administration (p-value 0.03, odds ratio 0.18, confidence interval 0.03-0.73). According to our data, the number needed to treat to prevent one case of NEC was 30 patients. In the subgroup of ELBW infants the number needed to treat was 10.
The incidence of death was similar in both groups (6.7% in the control group versus 8.1% in the treatment group, p-value 0.53) ( There is ongoing controversy about the most effective preparations of probiotics, as well as timing and length of therapy [55] . The available studies do not focus on one specific product or dosing regimen, however both the administration of Lactobacillus species and a mixture of probiotics significantly reduced the incidence of severe stage II to III NEC in several trials [45] . Infloran has previously been used in randomised controlled trials with good effect [62, 63] . According to our data, the number needed to treat to prevent one case of NEC was 30 patients. In the subgroup of ELBW infants the number needed to treat was 10. In conclusion, routine administration of probiotics was effective in decreasing the incidence of NEC in very low and extremely low birth weight infants in our population. Other Australian units should also consider its use for the prevention of NEC. phase 3 study testing the effectiveness of the probiotic Bifidobacterium breve to reduce NEC, late-onset sepsis, and death was negative for all clinical outcomes [66] . This might be due to the choice and dosing of probiotic strain [56] . Interestingly, there was also a high colonisation rate of the placebo group which might have masked any benefit of the probiotic intervention [66] .
In our study the majority of NEC cases occurred in ELBW infants (Table 4 ). This is consistent with ANZNN data that reported NEC rates of 0.8-1.2% in infants born after 28 weeks' gestation but up to 10.4% in infants born prior 28 weeks' gestation [6] . There is insufficient data with regard to the benefits of probiotic supplementation in the most at risk infants weighing less than 1000 grams at birth. To our knowledge there are only two studies that compared NEC rates in ELBW infants and neither of them could show a significant reduction [57, 58] . This might be due to small sample size in one of the studies [57] , but also due to relatively low baseline rates of NEC in the control groups of both studies [57, 58] . Our study indicates that probiotics were effective in decreasing the rate of NEC in this susceptible patient group.
It is known that treatment with antenatal corticosteroids is associated with a reduction in NEC [29, 30] . There were a higher percentage of women who received a complete course of antenatal steroids in the treatment group which could have contributed to the lower incidence of NEC. We addressed this by performing a logistic regression analysis. The incidence of NEC remained significantly lower in the treatment group after adjusting for antenatal steroid administration.
A limitation of the study is that we do not know how many babies in the cohort may have received donor breast milk. While there is strong evidence that both mothers' own milk and donor breast milk reduce the incidence of NEC compared to formula feeding, there are no trials comparing mothers' own milk and donor breast milk [23] [24] [25] . We compared the percentage of infants that received human milk only at introduction of feeds (including mothers' own milk as well as donor milk) and found no significant differences between the groups.
When probiotics were first introduced in our unit, all infants already admitted to the unit were assessed whether they met the criteria for probiotic treatment. Those who were born < 32 weeks and had a corrected age of < 36 weeks were commenced on probiotics as soon as parental consent had been obtained. There was one infant allocated to the treatment group who was 46 days old when probiotics were commenced but had already been diagnosed with NEC on day 17 of life. We excluded this infant from the study. Including this infant into the treatment group on an intention to treat basis still showed a significant reduction in the incidence of NEC (1.4% versus 4.4%, p-value 0.047, odds ratio 0.31, confidence interval 0.07-1.03).
Debate still remains about the safety of probiotics [54, 56] . While several meta-analyses didn't reveal any significant side effects [45, 46, [48] [49] [50] , there are case reports of Bifidobacterium bacteraemia in preterm infants on probiotic therapy [52, 53] . In our study, reassuringly there were no confirmed episodes of sepsis with the administered probiotic species.
